Early glycemic control is associated with reduced future vascular complications risk in type 1 diabetes (T1D). The aim of this study was to systematically review evidence on the predictors of glycemic control within 12 months of diagnosis of childhood onset T1D. Inclusion criteria for the electronic search were: interventional and observational studies that assessed and quantified an association between the predictor and glycemic control within 12 months of diagnosis of childhood onset T1D. A total of 17 915 articles were identified from 6 databases and 20 studies were finally included in the analysis. Harvest plots and narrative synthesis were used to summarize data from intervention (n = 0), prospective/ retrospective cohort (n = 15), and cross-sectional (n = 5) studies. Significant predictors of poorer glycemic control 0 to 3 months after diagnosis were older age and female gender.
| INTRODUCTION
Poor glycemic control in the first months following the diagnosis in childhood onset type 1 diabetes (T1D) tracks in subsequent years [1] [2] [3] [4] and is associated with elevated risk of vascular complications in later life. [5] [6] [7] [8] [9] [10] [11] However, achieving target blood glucose and hemoglobin A1c (HbA1c) levels during the first few appointments in pediatric diabetes clinics remain a challenge and is not always the focus of discussions with family members. [12] [13] [14] Recent systematic reviews have shown that achieving lower HbA1c levels at early stages of the disease through use of intensive insulin therapies in adult T1D patients was beneficial in reducing subsequent vascular complications risk and mortality. 15, 16 But these associations and other factors influencing early glycemic control have not been clearly reported in pediatric populations. [17] [18] [19] [20] [21] The aim of our systematic review is therefore to investigate the predictors of glycemic control in pediatric T1D populations in the first 12 months following diagnosis. The outcomes from our analyses may enable diabetes healthcare practitioners to consider a more focused and individualized approach to achieving HbA1c targets in the early months following the diagnosis of T1D in children and young people.
| METHODS
This review is part of a series of systematic reviews of evidence on the determinants and influence of early glycemic control in childhood onset T1D (International Prospective Register for Systematic Reviews -PROSPERO Registration number: CRD42015024546; http://www.crd.
york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015024546). The study design for the linked reviews is outlined in the published protocol. 22 Review methods used are as described by the Evidence for Policy and Practice Information (EPPI) Centre for the rigorous conduct and reporting of systematic reviews for policy and practice. 23 
| Search strategy, inclusion/exclusion, and quality assessment criteria
The search strategy for the linked reviews was designed in consultation with experts after initial iterative scoping searches, to maximize sensitivity and specificity in capturing relevant publications.
Three sets of search terms were used relating to population (children and young people diagnosed with TID), exposure (terms to capture observational, intervention, qualitative studies, and review articles relating to early diabetes control), and outcome (complications, mortality, change in glycemic levels, or metabolic memory).
Six electronic databases were double searched in parallel (V.M.P.
and Ms Heather Chester), from inception to December 2014, without time period or language restrictions, by using a combination of free text and Thesaurus or MeSH (Medical Subject Headings) terms (Table S1 , Supporting information). This was supplemented by hand-searching reference lists and contacting authors of included and relevant studies which resulted in identifying 9 additional studies. [24] [25] [26] [27] [28] [29] [30] [31] [32] For this review, we defined early glycemic control as HbA1c levels within the first 12 months (subdivided into 0-3 and 4-12 months) of T1D diagnosis as: (1) mean blood glucose concentrations fall dramatically in the first 3 months after diagnosis following the introduction of insulin therapy and thereafter tend to stabilize, 33 (2) blood glucose concentrations during 0 to 3 months may partly reflect factors that relate to prediagnosis, such as access to healthcare, whereas the 4-to 12-month time period may include factors such as clinical expertize and insulin regimens, and (3) diabetes clinics tend to gather and review clinical data of T1D patients at quarterly visits.
Studies that described and quantified the association between early glycemic control and predictors of early glycemic control in children and young people aged 0 to 19 years at baseline were included (Table S2) . We excluded studies of non-humans, populations selected for other diseases, adults aged ≥19 years at baseline, and other types of diabetes. We also excluded studies not reporting clinical outcomes
or not describing an association with outcomes.
The quality assessment criteria (Table S3) were based on meth- 
| Data extraction
Studies meeting inclusion criteria were quality assessed, data For observational studies details of the predictor were extracted and the results were stratified by study design. From prospective or retrospective cohort studies, the association between the predictor and HbA1c at follow-up points (from baseline) within 12 months of diagnosis was extracted. For cross-sectional studies (XS), the association between the predictor and HbA1c at the reported time point was extracted (Table S4 ).
| Data synthesis
Data was not meta-analyzed due to heterogeneity between studies and due to the potential influence of exposure on the wider determinants of health outcomes. However, we endeavored to synthesize the complex and diverse evidence graphically in a way similar to a forest plot. Evidence on the direction and strength of the association of predictors and correlates of early glycemic control was summarized using the harvest plot format, which allows a summary of data that cannot be incorporated in a forest plot meta-analysis. 34 The harvest plot combines data from several studies and displays the study size, quality and design in addition to demonstrating the effect and direction of the association.
Each harvest plot bar represents a study. Some observational studies reported results of more than 1 predictor or correlate and were accordingly plotted. Predictors and correlates were grouped based on type (demographic, biological, behavioral, psychosocial, and healthcare). The numerical and alphabetical study id symbol above the bar represents the prospective/retrospective cohort studies and XS studies, respectively. The color (black, dark gray, and light gray) of bar represented quality of study, with lighter bars representing studies of low quality. The height of bar indicates the study size (small:
n < 100, medium: 100-999, and tall: ≥1000) and its position summarizes the direction and strength (statistical significance) of the association (+, 0, −). Statistically non-significant + and − associations were color-coded in red and blue, respectively and grouped under "0". Categorical and continuous outcome variable results within studies were consistently recoded, such that a "+" symbolizes higher risk for poor glycemic control and a "−" symbolizes a lower risk for poor HbA1c levels. 35, 36 The weight of the findings between studies was further summarized non-quantitatively as done previously, 37, 38 to indicate the significance and greater confidence in the results; where 3 or more studies consistently reported the direction of the association of a potential predictor.
3 | RESULTS
| Search results
The identified articles from individual databases (Medline via OVID, 
| Observational (cohort and XS) studies characteristics and quality
Evidence from observational (longitudinal cohort: n = 15 and XS: : n = 2) were non-representative of the general population as they included certain categories of children based on age, ethnicity, mother tongue, and T1D duration. Included studies investigated various predictors and correlates of glycemic control in the first year of T1D diagnosis, using a variety of outcome measures.
3.4 | Predictors and correlates of glycemic control during the first year of diagnosis 3.4.1 | After 0 to 3 months of diagnosis of T1D
Older age 4, 30, 40, 43, 45, 48, 50 and female gender 30, 32, 41, 48, 50 were studied by more than 5 studies and were significantly associated with poor glycemic control (Figure 2 
| DISCUSSION
We systematically investigated predictors of glycemic control at 0 to 12 months following the diagnosis of childhood onset T1D. The identified evidence came from observational studies published between 1987 and 2015 and from more economically developed countries.
There have been no interventional studies of these predictors of glycemic control, emphasizing the utility of synthesizing appropriate evidence from a variety of relevant study designs. Also, there was an inconsistency of time points of the reported associations across studies. Furthermore, the associations between predictor and outcomes reported by observational studies should be interpreted with caution as they do not imply causal relationships. However, harvest plot analyses allowed us to meaningfully combine such studies and demonstrate the strength (number of studies supporting the association) and direction (positive or negative) of the associations.
Our review found that older age at diagnosis (>10 years) was associated with poorer glycemic control throughout the first year of diagnosis. This may relate to a complex interaction of factors such as increased insulin resistance 51 and psychosocial changes such as decreased adherence to management plans that occur during adolescence. 52 Female gender was consistently reported by more than 5 longitudinal studies 4, 30, 32, 41, 48, 50 to be associated with poor early glycemic control, within first 3 months of diagnosis, as opposed to no association reported by 5 of 8 studies after this time period. 25, 40, 43, 45, 47 If genuine, this association may partly relate to reduced insulin sensitivity during puberty, 53 increased insulin omission, eating disorders, and greater psychological disturbances 51, 54, 55 in females compared with males.
The associations between ethnicity, 25, 30, 39, 40 low SES 2,25,39 and children not living with biological parents 2, 25, 46 and poor early glycemic control is consistent with other studies that did not meet our review inclusion criteria. [56] [57] [58] [59] [60] [61] [62] The association between ethnicity and glycemic control may be related to differences in cultural and lifestyle patterns, 63 suboptimal treatments and resistance to changing to new therapies 56 and reduced use of insulin pump therapy. 64 Other studies have also shown biological differences between ethnic groups relating to hemoglobin glycation. 65, 66 Higher HbA1c levels at diagnosis were consistently associated with poorer early glycemic control 4 to 12 months after T1D diagnosis. Diabetic ketoacidosis (DKA) and higher HbA1c may indicate a delay in the diagnosis of T1D and a later presentation to medical services. 67, 68 There have been attempts to increase public and primary care awareness of the symptoms of T1D and the ease of diagnostic tests. 69 However, government directed initiatives may be required to ensure genuine change in practice and behaviors.
We found that most studies reported no association between Cpeptide concentrations and early glycemic control and this may reflect methodological differences in its measurement. Low C-peptide concentrations as a measure of low endogenous insulin secretion 70 may represent a more aggressive autoimmune destruction of pancreatic beta-cells 71 and are associated with higher mean HbA1c levels and future vascular complications. 72, 73 These disparities require further investigation.
Our review indicates that the type and dosage of insulin regimen were strong predictors of glycemic control. Absence of pump therapy, 43, 44 an insulin dose ≥0.8 /kg/d 25 and lower frequency of daily self-monitored blood glucose tests per day 25 were associated with poorer early glycemic control. A complicating factor in interpreting these observations is that earlier use of intensive diabetes therapy may also reflect a category of patients who have a shorter honeymoon period and/or more severe phenotype. It would be important to investigate whether any benefit of early intensive diabetes management through improved HbA1c levels tracks in later years and results in reduced vascular complications risk.
Children with parental health problems and with family history of T1D, had poorer glycemic control 2,39 which may be due to inherent genetic predisposition to adverse health outcomes, 74 and also more likely to be due to behavioral predisposition or behavioral factors such as parental worry about hypoglycemia.
Evidence on the association between clinical factors and early glycemic control was inconclusive. 2, 25, 43 Studies have indicated that diabetes teams play a significant role in achieving glycemic targets. 75, 76 It is unclear if people with T1D living closer to their diabetes clinic are more likely to attend clinic than those living further away. Non-attendance is associated with poorer adherence to treatment regimens and an elevated risk for diabetes complications 77, 78 particularly in ethnic minorities and those from lower SES in countries with healthcare systems based on the out-of-pocket model.
These patients tend to have higher HbA1c and other markers of future vascular diseases and therefore clinical factors needs further investigation.
Two of 3 USA-based longitudinal studies found that non-private health insurance was significantly associated with poor glycemic control in the first year of diagnosis. 25, 44 Parental and child's behavior in relation to early glycemic control needs further investigation as these were subjectively investigated by 1 prospective study. 47 Month and season of diagnosis in children were associated with early glycemic control and mean HbA1c at diagnosis was observed to be highest in May and lowest in October. 32 The mechanisms that explain these associations are unclear and require further investigation. 
| STRENGTHS AND LIMITATIONS OF THE REVIEW
To our knowledge, this is the first review to robustly investigate pub- 
| REVIEW UPDATING PLANS
The review will be updated if significant new evidence becomes available and results of the update review will be disseminated through peer-reviewed publications, conference presentations, and at meetings. 
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